lithosphere which is a function of its tectonic evolution.
The influence of these variations is examined in relation to (1) the types of deformation in fold/thrust belts and (2) the geometry and stratigraphy of foreland basins. The standard corrections and adjustments were applied to the gravity data sets. These include basestation tie in errors, intersurvey compatibility, and remoral of outliers. Terrain corrections out to 166.67 km were applied and crossover analysis was applied to marine values [Wessel and Watts, 1988] . The data were adjusted to the 1971 International Gravity Standardization Network and reduced to free-air gravity anomalies using the 1967 International Gravity Formula. Bouguer anomalies were calculated using a density of 2670 kg m -3 on land.
Data
Where necessary, a conversion from the kilometer grid format to a longitude-latitude format is performed, and then these "point" measurements are smoothed over 2.5 arc min or 5 arc min squares depending on the resolution of the original data before gridding on a 5 arc min by 5 arc min grid using a curvature spline in tension technique [Smith and Wessel , 1990 ].
We remove up to and including degree and order 16 gravity field from the continent-wide data sets as calculated by the global geopotential model, OSU91a [Rapp et al., 1991] long-wavelength, high-amplitude positive anomaly associated with the Pacific rim, and this is thought to be related to subducting slabs [Kaula, 1969] . The resulting anomalies resolve features in the gravity field with wavelengths less than about 2500 km. We extract profiles from these gridded data sets along great circle tracks with 10 km spacing between points. We reject those profiles where coverage is poor by considering, where appropriate, the distribution of point measurements Table 1 ). Gravity anomalies arising from this root are calculated using the fast Fourier transform method of Parker [1972] (see the appendix). Figure 3 shows a typical observed Bouguer anomaly and a calculated gravity anomaly assuming Airy isostasy for each of the three mountain belts. By considering the difference between the observed and calculated anomalies (i.e., the isostatic anomaly), we propose that the Bouguer anomaly is better explained by a regional type isostatic mechanism rather than a local mecha- [1983] show that this variation contributes significantly to the observed anomaly pair with crustal thickening explaining the gravity low and a marked decrease in crustal thickness explaining the gradient and much of the amplitude of the gravity high. We propose that the origin of the crustal thickening is a result of flexure of the foreland lithosphere under the loads of topography (surface load) and overthrust blocks (subsurface load). We model the flexure using a semi-infinite or broken plate model. The plate break is assumed to be at the position of the eastern edge of the positive isostatic anomaly. The location of these extra subsurface loads (e.g., the Carolina Slate Belt) explains why the negative isostatic anomaly (and crustal thickening) is displaced to the south east of the topographic high of the Valley and Ridge province. We model these overthrust loads by assuming that beneath the gravity high the density of the infilling material is 2850 kg m -a, typical for overthrust material of a middle crustal origin. The extra density of the overthrust load explains the remainder of the gravity high. Toward the foreland, infill density decreases to 2500 kg m -a, more typical of sediments of the foreland basin.
We therefore incorporate crustal thinning into our model to explain the gradient and part of the amplitude of the gravity high. Thinning of the crust at depth must be balanced isostatically with subsidence in the upper crust. We assume that this subsidence is Airy type but note that this may be inappropriate [Kooi et al., 1992] . (Figure 3b) shows the same sense of positive and negative isostatic anomalies. These profiles cut across ultramafic rocks exposed at the surface, e.g., at Lanzo and Ivrea. These bodies are a major subsurface load, and we assume an infill density for the subsurface load of 3100 kg m -a, typical of overthrust obducted material of oceanic affinity beneath the gravity high. The infill density outboard of the subsurface load is 2500 kg m -a. As in the Appalachian analysis, the break is defined at the southern end of the positive isostatic anomaly which we believe marks the trailing edge of the thrust loads.
Figures 3c and 3d show profiles of observed and calculated Airy gravity anomalies from the eastern Alps and Bolivian Andes. Figure 3d shows an obvious pair of positive and negative Airy isostatic anomalies but of reversed sense to those in the southern Appalachians and western Alps. This pair can most easily be interpreted as a result of flexural support of the surface topographic load. Support of topography is reduced beneath the mountain range and transferred toward the foreland by the strength of the plate. This increases the calculated gravity anomaly beneath the high topography and decreases the calculated anomaly beneath the foreland. We model these profiles using a broken elastic plate model with the break occurring where the Bouguer anomaly fiattens off and begins to coincide with the calculated gravity anomaly assuming local compensation. In the Andes this is approximately beneath the western edge of the Eastern Cordillera and its along-strike continuations. The infill density was fixed at 2670 kg m -a as the exact locations of the subAndean foreland basins are poorly known.
On the Andean profile, because the observed and calculated anomalies agree beneath the load, it seems that the topographic load is sufficient, and it is not necessary to apply subsurface loads. However, on some profiles from the Andes and eastern Alps (e.g., as on Figure  3c ) calculated and observed gravity anomalies do not agree beneath the maximum topographic load, and so in these cases an additional shear force is applied at the end of the plate.
We have modeled the profiles using a broken plate flexural model. First, the observed gravity anomalies are distinctly asymmetric and this suggests the use of a broken plate rather than a continuous one. Second, our modeling approach is process orientated, and it seems more likely for overthrust material to be emplaced onto an upper surface of a subducted plate of limited length. Third, the position of the plate break in the Alps corresponds to the major structural sutures of the Insubric Line and its along-strike continuations. 
Results
To find the best set of parameters, it is necessary to minimize the difference between observed and calculated data. Usually, this is expressed in the least squares sense as the rms residual. The least squares method, however, can give too much emphasis to shortwavelength, large-amplitude misfits at the expense of the long wavelengths which are of importance to flexure studies. We therefore use the correlation coefficient r in addition, and our objective is to minimize the rms residual and maximise r using a trial and error method. 
Resolution of T• Variation
In order to quantify the magnitude and likely location of errors in the trial and error solution, we use an inverse method to find the best T• structure and applied end shear force from the observed Bouguer anomaly. The plate break is as defined previously. The gravity anomaly is calculated from the flexure that results from the topographic load and any required end force on a variable thickness elastic plate. T• variation and applied end force are varied until a minimum misfit between observed and calculated gravity anomaly is reached (see the appendix for details of the minimization technique). 
Two-Dimensional Modeling
In the previous section we inferred spatial variations in T• from forward modeling of gravity anomaly and stratigraphic profiles. In this section we first show that constructing such maps from 1-D profiles is valid. Then we use a simple stratigraphic model to show how spatim variation of T• exerts a strong influence on foreland basin geometry and stratigraphy. The partial differential equation for bending of a thin elastic plate of variable thickness is solved using a finite difference scheme outlined in the appendix. Figure 17d shows that when the infill density is unknown the real variation is obviously not recovered. However, the general increase in T• away from the load is still recovered. We note that the load must, however, be of reasonably uniform cross section and profiles need to be extracted perpendicular to the local strike of the load.
Recovery of 2-D Variation From Profile Analysis

Stratigraphic Model
The map of T• in Figure 16 In the Appalachians we have also observed segmentation of strength. The relatively low T, segments are coincident with NW-SE trending Bouguer anomaly highs (e.g., the Columbus anomaly on Figure 5a ). These are thought to be related to rift structures in the Grenvillian basement (H. C. Noltimier, personal communication, 1996). We suggest that these strength variations exerted a control on Paleozoic passive margin formation which caused a strongly segmented transform dominated style to develop [Thomas, 1991] . We speculate that these strength variations may even have played some role in the development of the present-day North American margin structure of embayments and arches (heavy coastal line in Figure 6 ) which controlled the orogens today using both of these methods (e.g., Alps, Andes, Apennines [Royden and Karner, 1984] ). This suggests that either (1) all ancient weak orogens are preferentially destroyed and removed from the geological record, or (2) stretched lithosphere that was weak at the time of orogeny is able to recover its strength. We speculate that this strength recovery requires that a long time has elapsed since rifting (Figure 19 ).
Conclusions
We can draw the following conclusions from these studies of continent-wide gravity anomaly and topography data sets. Ga, a short time after rifting, is much lower than the present-day value, when a long time has elapsed since the rifting event. At mountain ranges, preexisting strength variations offer some control on tectonic style, the geometry of fold and thrust belts, and the stratigraphic patterns that develop in the adjacent foreland basin. 
